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INTRODUCTION 
The aquatic Diptera family Chaoboridae, subfamily 
Chaoborinae, have larvae known as phantom-midges. This the-
sis is a population study of these larvae. The Chaoborid 
genus Chaoborus (formerly classified Corethra) which resides 
in the lakes of Illinois and Wisconsin is the primary sub-
ject of this study. I intend to show: 1) that there is 
an increase in the density of benthic Chaoborus larva popu-
lations during the fall and winter monthsr 2) that most 
4th instar Chaoborus punctipennis larvae are found in great-
est· abundance .in deep waterr 3) that there are seasonal 
horizontal migrations of these larvae. 
Larger populations of Chaoborus larvae have been found 
in winter than in summer. (Juday, 19211 Eggleton, 1931). 
Chaoborus were found primarily in the benthos of deep waters, 
and seasonal changes in their population density were attri-
buted to emergence in summer and to horizontal migration in 
winter (Wood, 1956). In my research, I sampled larval 
populations along a transect running from shallow to deep 
water. This procedure, not found in other studies, allowed 
for observation of larval populations changes. Samples 
were taken over a year's time. Seasonal differences in 
larval population densities were found. Thus, population 
1 
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movements and preferred depths of inhabit2tnce were noted. 
Chaobo~ larvae are of ecological si.gnif icance in that 
they are a source of fish food. (Easler, 1945). They also 
contribute to mosquito control by preying upon mosquito 
larvae (Cook, 1956). 
REVIEW OF LITERATURE 
Chaoborus resembles the biting mosquitoes in general 
appearance and wing veination. Johannsen (1969) states 
that the larvae of the genus Chaoborus resemble each other 
closely, differing mainly in modification of mouthparts and 
anal fan. They have pendant, raptoral ant·ennae which are 
used to grab their prey. Ventrally are four or five pairs 
of post antennal filaments between the antennae and the 
labrum. The mandibles have several teeth and the maxillae 
consist of flat lobes, each wjth two blunt spines behind the 
mouth. In the tho.rax an::! in the posterior part of the ab-
domen, there are a pair of hydrostatic organs. These organs 
are covered with pigmented areas which expand in warm water 
and contract in cold water, thus acting as heat stabilizers. 
The caudal end of the body has a rudder or anal fin ventral-
ly. Also, ventrally are a number of hooks with hairs. The 
larva ordinarily rests motionless, suspended in a horizontal 
position in the water at the bottom when feeding. Minute 
crustaceans and aquatic insects are its prey. Adult Chao-
bQrus mouthparts are short and are not adapted for blood 
sucking (Matheson, 1944). 
According to Muttkowski (1918), adults emerge at night, 
and if the lake is quiet, females deposit their eggs through 
the surface film. The eggs are laid in a circular gelatinous 
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disc with 100 or more eggs spirally arrangej. These eggs 
sink and settle in the bottom mud. Laboratory studies show 
that eggs deposited by females hatched within 48 hours when 
temperatures ranged from 21 to 24 C (Juday, 1921). Eggs 
put in colder waters would probably take longer to hatch. 
(Juday, 1921) 
Juday (1921) studied Chaoborus populations in Lake 
Mendota~ Wisconsin over a three year period. His data showed 
that the number of larvae per square meter during the day-
time was largest over the winter. From November to April 
the numbers ranged from 18,000 to 30,000 per square meter. 
Population densities in Third Sister Lake, Michigan, varied 
from 15,000 to 71,000/m2 between summer and mid-winter 
{Eggleton, 1931). In April with the rise of water tempera-
ture, pupation and emergence increased and fewer numbers 
were found through summer. Small swarms of adults appeared 
in later June, July and August, corresponding to waves of 
active pupation.during this time. With a slackening of pupa-
tion in August and September, there followed an increase in 
larval numbers. This increase was most marked in the second 
half of September and early October, but did not reach its 
maximum until November or December. Hence, larvae population 
densities were high in winter and low in summer. Miller (1941) 
obtained similar results in Costello Lake, Ontario. Using 
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tent traps and dredgings simultaneously, adult emergence 
and larval populations were compared showing expected corre-
lation, i.e., when adult emergence numbers were high, larva 
population numbers were low and vice-versa. 
Like Juday and Eggleton, Miller (1941) found a rapid 
decrease in larval numbers in June and August corresponding 
to emergence. Small larvae which were found in benthos in 
September overwintered and emerged as adults in June of the 
following year. c. punctipennis larvae were found below the 
·ehermocline, i.e., in water 7-18 meters deep, bu._£. emergence 
was noted at all depth levels. Miller noted 59% of the lar-
vae failed to emerge from a 16 sq. ft. area in which he had 
counted 279 larvae. He suggested a high mortality rate among 
free-swimming pupae as the reason for low emergence numbers. 
Other research suggested that a migrational trend of £.b.s.2.-
borus larvae had a strong beaning on larval location (Wood, 
1956). 
Population changes in different benthic zones have 
been postulated as the reason for changes in larval popula-
tion. It was found that 1st and 2nd instar Chaoborus lar-
vae were primarily limnetic at night (Juday, 1921: LaRow, 
1971). Such nighttime migrations were primarily vertical 
in nature but were probably a good source of population dis-
tribution. Some researchers pointed to fall and winter 
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variations in population density as having been due to ver-
tical migration of mature larvae which would allow them to 
drift horizontally from one location to another according 
to lake currents {Deevey, 1941: Juday, 1921). Deevey (1941) 
held that vertical migration of Chaoborus was responsible 
for a larva-Population size increase in deep water which took 
place under an ice cover from mid-December to mid-February 
in some Connecticut lakes. He supported this theory with 
the fact that the population below 14 meters increased 
steadily during the winter, while the "size of its members 
remained constant." This population increase corresponded 
to t_he fluctuation observed by Juday ( 1921). 
Horizontal migration also seems to occur among Chao-
borus larvae. In Little McCauley Lake, horizontal migration 
was shown to be semi-annual {Wood, 1956). Population numbers 
seem to have increased in all zones between June and Septem-
ber, 1947. October showed a sharp depopulation of the shal-
low zones and a steady increase in the deeper zone. Similar 
observations were made in 1948. Thus, a seeming ablittoral 
migration of larvae from the shallow to the deeper zone 
occurre:! between summer and winter. Borutsky {1939) described 
the increase of Chaoborus population density below 8 meters 
after September as a result of ablittoral migration. Be-
tween January and July, 1948,an adlittoral migration was 
' 
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seen, as the Chaoborus population decreased in the deep 
zones and increased in the shallow zones. A possible reason 
for such migration would have been in response to warmer 
shallow waters which would have sped larval development for 
emergence in late July and early August (Borutsky, l93lr 
Hitchcock, 1956). 
LAKE ZURICH 
" Lake Zurich, Illinois is located 35 miles northwest of 
Chicago. It is a natural, spring-fed lake with an outlet 
along its northern shore. It is approximately 223 acres in· 
area and has the general shape of a figure 11 8 11 , with the 
deepest hloes (30 feet) located in the denters of the con-
vergent loops. The lake has an average depth of 10.8 feet. 
During the summer, a very dense macrophyte growth of water 
stargrass (Heteranthera dubis) occurs in depths to 12 feet 
(Fig. 1). 
8 
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Figure 1 
LAKE ZURICH 
METHODS 
Duplicate benthic samples were taken from Lake Zurich 
at various depths along a transect running from the south-
west in a west-north-westerly direction. Sample depths were 
30, 25, 20, 12, 7-8, and 4-6 feet: depths were determined by 
lowering a sounding line. Samples were taken with a 6 
square inch Eckmann Dredge. They were placed in separate 
buckets and were washed with tap water through a 300 micron 
sieve (no. 50) and stored in bottles of 70% ethyl alcohol 
solution. Benthic organisms were separated from bottom 
material by the sucrose floatation method (Anderson, 1959) 
and were preserved in 70 % ethyl alcohol. Chaoborus were 
identified with Cook's (1956) key. Temperature and oxygen 
readings were made using a Silver Springs Model 51A meter. 
Seichi disc reading were also taken. 
In the course of sampling, I eliminated the 8 foot 
station and initiated a 25 foot station, because Chaoborus 
populations were found at the greater depths. During the 
winter, ice thickness was 14 inches, and the stations were 
chosen by approximate sighting with reference to shore. 
Measurements for actual depth were made after the holes 
had been cut. The only variation in depths between summer 
and winter occurred in Feburary, 1972, when the 25 foot 
10 
sample was not taken and when a 7 foot sample was taken 
instead of a 12 foot sample. 
11 
RESULTS 
Seasonal Variation in Population Density 
Chaoborus larva population densities increased during 
the fall an1 winter through January and then decreased rapid-
ly (Fig. 2). At the 30 foot station, an average of 2086/m2 : 
larvae were found in September. This number increased rapid-
ly until January when a peak of 10,234/m2 larvae were found. 
In February, that number fell to 4,773/m2 and continued to 
2 decrease to 602/m by June. Thus, between February and 
June there was a sharp decrease in the larval population 
density. This trend conti~ued throughout summer as popula-
tions decreased to 171/m2 larvae by August. 
Similar fluctuations were noted at 25 feet with a peak 
of 4,945/m2 larvae in January and 258/m2 in June. Summer 
samples averaged about 30/m2larvae. At 20 feet an average 
of 172/m2 larvae were found in spring and fall while, prac-
tically none were found in summer and winter. Stations which 
were 12 feet deep or less showed no c.punctipennis larvae 
throughout the year except when one larva was found at 8 
feet in August and September, 1971,and July 1972, and in 
April, 1972, at the 12 foot level (Table 1). 
C. albatus larvae population densities were much smaller 
than those of c. punctipennis. However, they follow the 
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Table 1 
2 Average Number of Chaoborus EUnctipennis per 6 in 
30 I I 5. 5 • 5 5 18 57.5 89.5 238 111 78.5 60 
25 I 69 114 5.5 4 
20 I I .5 0 2.5 5 0 .5 .5 .5 0 3.5 
12 • I 0 0 0 0 0 0 0 0 .5 
8' 0 0 .5 .5 0 
41 0 0 0 0 0 0 0 0 0 0 
7 4 4 
6.5 5.5 5 
2 7 .5 
0 0 0 
.5 
0 0 
7-5 7-25 8-10 9-18 10-11 10-30 1-26 2-17 3-8 4-29 6-3 7-3 8-26 
1971 1972 
Sampling Dates 
..... 
.i:i. 
15 
same trends as C, punctipennis by being most abundant during 
the winter and least abundant in the summer, £.&. albatus' 
highest population density in winter 
and the lowest density in summer was 
2 
was 3441/m 
43/m2 at 30 
at 30 feet 
feet, 
Shallower depths contained fewer larvae but followed the 
same seasonal population density trend, 
Chironomids, Other abundant larvae in my samples were 
of the family Chironomidae. These chironomid larvae popu-
lations wer9 most dense during the winter and least dense 
during the summer, Their greatest density in winter was 
2 . 2 1460/m at 4 feet and in summer reached a low of 192/m at 
4 feet (Fig. 3). 
Depth Distribution 
Chaoborus punctipennis, The greatest number of C, punc-
tipennis larvae were found during the fall and winter months 
in the deepest waters (Table 1), In January when the larval 
population was highest, l0,208/m2 were found at the 30 foot 
station and 4,923,5/m2 were found at the 25 foot station. 
At 20 feet only one larva was found in sample A and none in 
sample B, No c. punctioennis were found at other depths. 
Similar population density gradations were found throughout 
the year except during July and August of 1972 when the 30 
foot samples contained fewer C, punctipennis th~n some of the 
I 
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Figure 3 
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shallower samples contained (Table 1). This reversal oc-
corred between March and August of 1972 when the 25 and 30 
foot stations were undergoing a great decrease in larval 
population density, while the 20 foot station showed a slight 
increase in density. This led to a near equalization of 
of densities between the 20 and 30 foot stations in summer. 
Hence, except for the summer months, the population of £.... 
punctipennis was most dense in the 30 foot waters and least 
dense in the shallower waters. 
An analysis of variance showed a significant degree of 
variation of population densities between 30', 25' and 20 1 
stations for fall (F = 30.64, P < 0.01), winter {F = 17.0l, 
P < 0.01), and spring (F = 62.13, P < 0.011. Summer (F = 
0.72, P > o.s) showed no significant variation among the 
depths mentioned. Stations shallower than 20 feet contained 
few or no larvae. 
Chaoborus albatus. c. albatus depth distribution was more 
diversified than that of C, punctipennis. A few c. albatus 
were found among the shallower stations where there were no 
C, punctipennis sampled, This suggests that more c. albatus 
occurred in shallow waters than C, punctipennis, (The number 
of C, albatus found below 20 feet over a year's time wasl7: 
C, punctipennis found numbered 4.) (Table 1 and 2) However, 
most c. albat~ were found at the 25 and 30 foot stations/ 
in January. c, albatus January population jcns:ty at 30 
,s:: 
.w 
0. 
(!) 
0 
Q) 
..-1 
0. 
e 
ro 
(/) 
\ 
30 1 I 0 
25' 
20 •I 0 
12 1 I 0 
8' 0 
4' I 0 
Table 2 
2 Average Number of Chaoborus albatus per 6 in 
0 0 2.5 5 5.5 7.5 5 8 7 
4.5 7 .5 0 
0 0 .5 .5 .5 0 0 0 0 
0 0 0 1.5 0 2.5 0 0 
0 0 0 1 
0 0 0 0 0 0 1 .5 0 
6.5 1 l 
.5 0 .5 
0 1.5 .5 
0 0 0 
.s 
0 1.5 
7~5 7-25 8-10 9-18 10-11 10-30 1-26 2-17 3-8 4-29 6-3 7-3 8-26 
1971 1972 
Sampling Dates 
t-' 
a> 
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. I 2 feet was 3441 m and remained at about that level until 
4une. In the same time span, i.e. between January and June, 
C, punctipennis had a larval population density as high as 
10,208/m2 in January and as low as 603/m2 in June. The 
density of C, albatus decreased at the 25 foot station 
between February and March from about 299.6/m2 to about 
2 43/m • The population at 25 feet then remained low through 
August (Table 2). 
Chironmid~ Chironomid larvae populations were most dense 
during the winter anQ'Were least dense during the summer. 
They were found in fewer numbers than Chaoborus in waters 
of 25 feet or more, but they were more numerous than Chao-
borus in the shallow waters (Fig. 4). They averaged 
600/m2 in deep water and 1460/m2 in shallow water in winter, 
Populations were lower during the other seasons, averaging 
2 2 215/m in deep water and 645/m in shallow water (Fig 3). 
Figure 4 
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DISCUSSION 
Seasonal variation in population densities shown by 
my results are very much in agreement with observations made 
by most others who have studied Chaoborus populations. 
Chaoborus larvae are most abundant during the winter months 
from December through February and are least prevalent in 
spring and summer from June through mid-September. 
Juday (1921) found the greatest number of Chaoborus 
larvae in December. Numbers decreased slightly in February 
and continued to decline gradually through summer. His low-
est population density was recorded in August. The tendency 
of high larval population density during winter and low den-
sity during summer was confirmed by Deevey (1941), Eggleton 
(1931), Wood{l956), Hitchcock (1965) and Heuschele (1970). 
Although poor ice conditions prevented me from taking sam-
ples in December, the graph (Fig. 2) indicates that Decem-
ber was a month of high Chaoborus larval population density 
in Lake Zurich. The population increase up to that month 
was striking. December probably would follow the observed 
pattern of population development and population density 
would increase over November and December to meet the peak 
observed in January. It is possible, however, that Decem-
ber's population density was even higher than January's. 
21 
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The sudden drop in population between late January and mid-
February is sharp. This decrease was succeeded by another 
more gradual decrease between mid-February and early June. 
Such a decrease may be explained by predation, horizontal 
migration, or daytime vertical migration. I will refer to 
these possibilities subsequently. A similar decrease in 
Chaoborus populations was noted in Little McCauley Lake 
{Wood, 1956), but the drop in numbers was more gradual, 
having taken place between mid-January and mid-July. 
In Linsley Pond (Deevey, 1941), the lowest Chaoborus 
population density occurred in August and then began to rise 
to its peak in April when it dropped again. Hitchcock (1965) 
found C, punctipennis larvae populations most dense in early 
winter and least dense in summer in his study. Similar 
results were obtained by Heuschle (1970), except her obser-
vation that peak population densities occurred in a Flood-
plain Lake in August and September rather than in mid-winter, 
as my results showed. Her data may be explained by the shal-
lowness of the lake (.75 m), which would haveexposed the Chao-
bOrus larvae to changes in climate more readily than those 
larvae having dwelled in deep waters. Thus, her winter popu-
lations were killed more easily in winter. 
Throughout the year, c. albat~s were found in far fewer 
numbers than c. punctipennis, They were more numerous in / 
23 
the winter than in other seasons, following the trend of 
greater population density during winter and lower popula-
tion density during warmer weather when emergence would .· · 
occur {Table 2). 
Chiroofuids were found to be most numerous during the . 
winter as were Chaoborus larvae. Their population densities 
rose and fell with the approach and departure of winter. 
With the warmth, came emergence and a loss of benthic larvae. 
Predation by fish may also be significant. 
Depth Distribution 
Depth distribution of c. punctipennis indicates a strong 
preference for deep, cold waters {Table 1). The greatest 
number of c. punctipennis were consistently found at the 
25 and 30 foot stations except during July when the 20 foot 
station contained 430/m2 and 172/m2 larvae, respectively, 
from samples A and B whileonly 172/m2 larvae were found in 
A and B samples at the 30 foot station. This might be 
explained by the larval tendency to seek warmer waters dur~ 
ing emergence {Borutsky, 1939). The waters shallower than 
25 feet have very few c. punctipennis which is in agreement 
with the findings of Deevey (1941), Wood (1956) and others, 
insofar as they found C, punctipennis most prevalent in the 
deep water. c. punctipennis are negatively correlated with 
o2 and maximum mud temperature (Hilsenhoff, 1968). Both of 
these factors woul:l be low in deep 
24 
pennis larva population densities are found in greatest con-
centration. 
c. albatus were found more evenly distributed among 
the stations than were c. punctipennis, however, they also 
were the most concentrated at the 30 foot station (Table 2) ·• 
c. albai!:!.§. may have lessened ·competition between itself and 
c. punctipennis by greater flexibility in accommodating .:· 
itself to shallow depths. 
Chironomids were found widely distributed among sam-
pling stations with their greatest concentration at the 
shallow stations (between 4 and 8 feet) (Fig. 3). Again, 
winter populations were the most dense. Such arrangement,--
where Chaoborus species occupied the deep waters and where 
chironomids lived mostly in shallow waters reduces compe-
tition for space. Since larval chironomids are herbivorous 
or detritous, and Chaoborus is carnivous, they would not 
compete for food. 
Horizontal Migration 
In studies done by Juday (1921), Deevey (1941) and 
Wood (1956) horizontal migration was postulated as the ex-
planation of a sharp reduction in larval numbers of Chao-
borus in deep waters of 8-10 meters, while an increase in 
larval population density was simultaneously noted in shal-
low waters of 3-8 meters during June and July. This migra-
tion would have been adlittoral. ~n ablittor~l 
25 
was notej in October where 3-8 meter populations decreased 
while 8-10 meter populations increased (Wood, 1956). 
My observations indicated increase and decrease of 
populations corresponding to those noted by Wood (1956) 
between 20 and 30 feet (Fi~l2). However, such fluctuations· 
in population densities were probably not due solely to hor-
zontal migrations, since the increase of decrease of larval 
population density at one point failed to compensate ade-
quately for the QpPQsite change in population density oc-
curring in benthos at different depths. For example, the 
drastic reductron of the C, punctipennis population, from 
10,234/m2 larvae at the 30 foot station in January, to 
2,580/m2 larvae in May at 30 feet is not reflected by the 
slight increase from 43/m2larva to 172/m2 larvae at the 20 
foot station during the corresponding time period. Shal-
lower stations showed no increase at all. 
Hence, while horizontal migrations would explain shifts 
inf>opulation densities during fall and spring in part, it 
seems unlikely that it would be fully responsible for the 
drastic increase of larval population densities at the 30 
arid 25 foot stations between ~eptember and January, nor 
would it reflect the plummet of these population densities 
between February and May at these depths. 
A probable explanation of the great rise in population 
densities between September and January could be due to the 
26 
development of Chaoborus eggs into larvae during those months. 
The larvae overwintered and emerged the following spring. 
The decrease in benthic larval population shown between 
January and ·February in my results were most likly a result 
of increased limnetic activity during the day. Mature Chao:.. 
borus larvae are negatively phototatic and become limnetic 
in darkness, (La Row, 1971). When I took my January sample, 
the lake was ice-covered but with no snow over it. Secchi 
reading was 11 feet. Several weeks later, when I next sam-
pled, snow covered the ice, thus blocking light from the 
water. .Many Chaoborus probably became limnetic and my sam-
ples showed for fewer benthic larvae (from 10,~34/m2 at 30 
feet in Janua~y to 4773/m2 in February). Other possible 
changes in population densities could be from sampling 
error and from fish predation. 
SUMMARY 
1. Benthic Chaoborus larvae populations are most dense in 
the winter {October - February) and are least dense in sum-
mer. 
2. Benthic Chaoborus larvae in Lake Zurich, Illinois, con-
gregate chiefly between 25 and 30 foot depths with the high-
est population density found in January at 30 f9et. 
3. Change in population densitX of Chaoborus larvae in win-
ter may not be due primarily to horizontal migration, rather 
limnetic activity stimulated by darkness may be responsible. 
The dark waters occur when snow covers the ice and blocks 
the light from the water. 
4. c. punctipennis larvae are found in far greater numbers 
than C, alb-a:tus in Lake Zurich. 
5. Chaoborus and chironomid s occupy different depth: 
Chaoborus being in deep water an:i chironomidS' being in 
shallow water, 
27 
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